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In  recent  years,  radioactive  isotopes  have  been  widely  used  in 
biology,  medicine,  and  veterinary  medicino.  Isotopes  as  indicators  are 
utilized  to  study  the  mechanism  of  metabolic  processes  in  an  organism. 

The  purpose  of  the  present  work  was  to  establish  tho  conditions 
noco scary  for  tho  production  of  highly-radioactive  anthrax  bacilli. 

Bolow  are  described  certain  ro suits  of  tho  work  carrlod  out  by  us; 

a)  in  the  soarch  for  a  specif lo  nutrient  media  for  culturing  Bac.  antracis; 

b)  in  tho  determination  of  laws  governing  tho  absorption  of  radio-sulfur 
by  anthrax  bacilli  in  relation  to  various  concentrations  of  radioactive 
sulfur  in  tho  medium;  and  c)  in  obtaining  maximal  growth  of  the  culture 
and  increasing  tho  absorbability  of  radio-sulfur  by  tho  anthrax  bacilli. 

In  tho  production  of  radioactiva  bacilli  tracor  sulfur  in  tho  form 
of  mothlonlno  was  oaployod. 

Considering  tho  fact  that  in  culturing  bactoria  on  normal  nutrient 
media  containing  non-rodioantivo  sulfur,  following  the  addition  of  radio¬ 
active  ailfur  tho  absorption  of  tho  lattor  by  the  microorganisms  from 
tho  nodium  is  very  insignif leant,  in  ordor  to  obtain  microorganisms 
with  tho  groatost  radioactivity,  it  was  nocessary  to  soak  a  nutriont 
medium  which  oithor  did  not  contain  sulfur  or  contained  a  minimum 
amount  of  it.  Various  synthotlc  nutriont  media  wo ro  tostod  for  this 
pvrpo  so . 
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At  the  beginning  of  our  investigations,  a  study  was  made  of  the 
growth  of  3&c.  anthraois  on  two  enythetic  modia:  tho  Strogov  medium  and 
tho  L*vov  medium*  Tho  L'vov  medium  contains  magnesium  sulfate  and  in 
ordor  that  radioaotivo  sulfur  bo  tho  only  source  for  the  microorganisms, 
magnesium  chloride  was  introduced  into  tho  modium  Instead  of  magaesium 
sulfate. 

In  both  synthetic  media  the  pH  was  initially  7.2.  Tho  indicated 
modia  wore  poured  into  tost  tubes  and  slanted.  Standard  moat  poptono 
agar  was  used  a*  a  control.  The  cultures  were  grown  in  a  thormoetat 
at  3&*37°C.  Confirmation  of  growth  was  carried  out  after  24  and  48 
hours. 


Tho  growth  of  the  anthrax  bacilli  on  tho  qynthotic  modia  both  after 
24  hours  and  after  48  hours  was  spar so  or  very  sparse,  the  concontr&tion 
of  microorganisms  in  1  ml  as  compared  to  tho  culture  grown  on  moat  poptono 
agar  being  8-10  times  less.  The  two  synthetic  modia  mentioned  therefore 
provod  to  bo  unsuitable  for  our  work.  Vo  rojoctod  tho  uso  of  moat 
poptono  agar  bo cause  tho  presence  of  organic  sulfur  compounds  can  not 
be  oxcludod  in  such  a  medium. 

Next,  we  tumod  co  a  medium  with  another  composition:  1  g  of  poptone, 
4  ml  of  glycerin,  0.5  g  of  sodium  chloride,  2.5  g  of  agar-agar,  and  100 
ml  of  distilled  water.  Such  a  medium  wae  choson  becaueo  poptono  con¬ 
tains  a  largo  amount  of  higi  molecular  products  of  protoin  decomposition 
and  le  woll  utilized  by  the  microorganisms  and  tho  glycorln  is  included 
as  a  source  of  carbon  end  energy  for  the  microorganisms. 

A  comparative  investigation  of  tho  glycorinr-poptono  and  moat  poptono 
agar  for  tho  growth  of  anthrax  bacilli  indicated  that  tho  most  suitable 
modium  for  growing  Bac.  anthraois  was  the  glycorin-poptono  agar. 

In  our  further  investigations,  tho  problem  of  tho  dogroo  of  absorp¬ 
tion  of  radioactive  sulfur  by  the  anthrax  bacilli,  i.o.,  what  porcont 
of  tho  radio-sulfur  introduced  into  tho  medium  transferred  into  the 
microorganisms,  was  of  groat  intorost. 

Taggod  anthrax  bacilli  wore  obtained  by  growing  Bac.  anthraois 
(Strain  No  574)  in  test  tubes  on  slant  glycerin-peptone  agar  (pH,  7.2- 
7.4)  to  which  different  mounts  of  a  radioactive  sulfur  in  the  form  of 
methionine  had  been  added.  - 

After  the  culture  had  been  kept  in  the  thermostat  for  one  day,  the 
microorganisms  were  washed  from  tho  agar  with  physiological  solution  and 
contrifuged  5  times  in  order  to  eliminate  the  radioactive  sulfur  adsorbed 
on  tho  microorganisms.  Following  the  centrifuging  the  concentration  of 


microorganisms  In  1  ml  was  detorminad  according  to  a  turbidity  standard 
and  the  radioactivity  of  this  1  ml  suspension  was  established  with  the 
aid  of  a  surface  counter. 

Thu  result  s  obtained  by  growing  anthrax  bacilli  on  glycerin-peptone 
agar  containing  various  amounts  of  radio-sulfur  ore  presented  in  Table  1. 


Table  1 


No  of  Microcurios 
in  1  ml  of  the 
Nutriont  Medium 

Obtained  in  1  ml  of 
Nutrient  Modiun 

Bacteria  Microcurios 

in  in  the 

Billions  Bacteria 

Total  Forcont 
of  Badio- sulfur 
Absorption 
by  the  Bacilli 

2.75 

850 

0.026 

0.9 

5.5 

900 

0.114 

2.1 

11 

800 

0.148 

1.3 

22 

700 

0.152 

0.7 

From  Tabic  1,  it  can  be  soon  that  with  a  two  and  four  fold  increase 
in  the  concentration  of  radio-sulfur  in  tho  modi  urn,  the  total  porcent  of 
the  radioactive  substanco  absorbed  did  not  incronso  proportionately. 

The  results  of  our  experiment  show  that  following  tho  addition  of  5.5 
microcurias  of  radio-sulfur  to  1  ml  of  nutrient  medium,  tho  total  percent 
of  absorption  was  equal  to  2.1;  following  a  docroaso  in  tho  concentration 
of  taggod  sulfate  in  tho  r.odium,  tho  absorption  of  tho  radioisotope  by 
the  microorganisms  dooroasod  (0.9$);  and  follovrlng  its  increase,  the 
porcont  of  absorption  was  also  roducod  (1.3-0. 7).  In  tho  given  instanco, 
tho  optimal  concentration  of  radionctivo  sulfur  was  5.5  miorocurios  per 
ml  of  nutriont  medium.  This  amount  of  radio-sulfur  was  utilised  by  us 
from  then  on  in  producing  taggod  anthrax  bacilli. 

Thus,  in  oxnmining  tho  bo  data,  no  proportional,  regalar,  slmultanoous 
incroaso  in  tho  concentration  of  tho  radloactivo  substanco  in  tho  medium, 
nor  incroaso  in  the  porcont  of  absorption  of  radio-sulfur  by  tho  bacteria, 
woro  obsorvod. 

It  should  bo  notod  that  in  removing  tho  radloactivo  sulfur  adeorbod 
on  tho  microorganisms  by  contrifuging,  tho  first  and  socond  washos  ro- 
vonlod  rathor  high  radioactivity  while  tho  last  washing  (tho  fifth) 
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yioldod  a  significant  roductlon  in  radioactivi  vy  and  tho  wash  water 
showed  only  slight  radioactivity.  In  addition,  a  aeporato  oxporiment 
was  performed  to  study  tho  radioactivity  of  tho  anthrax  bacilli  after 
various  periods  of  growth  (after  24  and  48  hours).  Ab  a  result  of  the 
experiment  conducted,  we  found  no  special  difference  in  tho  radioactivity 
of  the  anthrax  bacilli  in  a  1  ml  suspension  containing  a  1  billion  con¬ 
centration  following  culturing  for  24  and  48  hours. 

In  furthor  investigations  wo  attomptod  to  incroaso  tho  absorption 
of  radio-sulfur  by  tho  anthrax  bacilli.  M.  To.  Zorn  (6)  in  producing 
tagged  dysentory  bacteria  and.  K.  P.  Plotnikov  (7)  in  culturing  brucella 
on  radioactive  nutrient  media  notod  that  the  degree  of  absorption  of 
radio-sulfur  was  closely  conneotud  with  the  intensity  of  tho  growth  of 
the  microorganisms. 

It  was  necessary  for  us  to' seek  substances  which,  upon  addition  to 
the  nutrient  medium  might  noticeably  intensify  the  reproduction  of  the 
microorganisms.  We  found  vitamins  to  be  such  substances.  The  importance 
of  vitamins  to  the  vital  activity  of  microorganisms  is  tremendous.  It 
is  well  known  that  mary  vitamins  are  synthesized  by  microorganisms,  but 
it  is  another  group  of  microorganisms  which  Is  required  for  the  prepara¬ 
tion  of  vitamins. 

Vitamin  Bg  (Pyridoxina)  is  necessary  for  the  growth  of  tho  roots 
of  certain  plants,  and  also  for  the  vitality  of  some  bacteria,  yeasts, 
end  mold  fungi,  for  which  it  Is  a  growth  factor. 

According  to  tho  data  of  V.  A.  Dovyatinin  (3),  lactic  fermentation 
bacteria  development  oxtromoly  slowly  and  roeagorly  on  madia  which  do  not 
contain  jyridoxine.  Tho  addition  of  this  vitamin,  even  in  dilutions  of 
0.00005$,  ozorts  a  positive  effect  on  tho  growth  of  tho  bactoria.  Tho 
author  citos  similar  reports  from  othor  sourcos  which  stato  that  various 
B  vitamins,  among  thorn  pyridoxino,  whon  usod  in  nutrlont  nodin  have  an 
acutely  manifested  offoot  on  tho  growth  of  staphylococci. 

V.  S,  Bukin  and  his  co-workers  (l),  noto  that  tho  original  synthesis 
of  B._  was  accomplished  naturally  by  microorganisms.  Schorichie  coli  is 
sonsltivo  to  vitamin  B-2,  Taking  this  characteristic  of  Bact.  coli  into 
account,  this  mlcrobo  Is  utilizod  for  tho  determination  of  vitamin  B^2, 
i.o.,  by  a  microbiological  method. 

R.  D.  Gal'tsova  (2),  while  studying  tho  offoct  of  vitamins  on  bio- 
eynthotic  procossos  in  yeast  grown  on  radiooctivo  nutriont  no  din,  observed 
that  the  absorption  of  tagged  sulfate  by  the  yeast  cells  increased  fol¬ 
lowing  the  addition  of  certain  vitamins  (pyridoxino,  biotin,  thiamine, 
and  others)  to  the  nutrient  media. 
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Table  2 

Absorption  of  Bodioactivo  Sulfur  by  Anthrax  Bacilli 
Grown  on  JTutriont  Media  Containing  Vitamins 


Bumbo r  of  Obtained  in  1  ml  of 

Mleroouries  But r ion t  Medium  Total  Percent  Poroont  of 


Butrlont  Media 
With  Vitamins 

in  1  ml  of 
Butrient 
Medium 

Bectoria  Microcurios 
in  in  the 

Billions  Baoteria 

of  Bad! o- sulfur 
Absozption 
by  Bacilli 

Increase  in 
Badio- sulfur 
Absozption 

Vitamin  Bg 

5.5 

1.1 

0.152 

2.8 

140 

Vitamin  B 

12 

5.5 

1.2 

0.165 

3.0 

150 

Vitamins  B- 
rnd  B126 

5.5 

1.4 

0.195 

3.6 

180 

Without 

Vitamins 

5.5 

0.8 

0.110 

2mO 

100 

Conclusions 

1.  We  succeeded  In  proparing  a  nutrient  medium  vhich  did  not  con¬ 
tain  sulfur  for  the  cultivation  of  anthrax  bacilli.  This  medium  Is  a 
glycerin-peptone  agar. 

2.  Following  tho  culturing  of  Bac  anthracia  on  tho  glycorin- 
poptonc  agar  containing  radioactive  sulfur  in  tho  form  of  methionine, 
tho  bacilli  wore  tagged  since  they  had  absorbod  tho  radio-sulfur. 

3.  Following  an  incroaso  in  tho  concentration  of  radioactive  mate¬ 
rial,  no  proportional  regularity  was  notod  in  rogord  to  the  Incroaso  in 

tho  total  parcont  of  absorption  of  radio-sulfur  by  the  bacilli. 

4.  Tho  optimal  concentration  of  radio-sulfur  in  the  nutrient  modi urn 
for  culturing  Bac.  onthraci b  was  5.5  microcurios  por  ml  of  modium, 

5.  Following  the  addition,  of  vitamin  3fi  to  tho  nutrient  medium 
containing  radioactivo  sulfur,  tho  growth  of6 tho  microorganisms  increases 
and  thoir  radioactivity  goos  up  correspondingly  by  4056.  Following  tho 
addition  of  vitcoin  B^,  absozption  of  the  sulfato  increases  by  5056. 
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'  Following  simultaneous  addition  of  vitamins  3.  and  3  to  the 

mtriont  sodium  tho  radioactivity  of  th^  anthrax  ‘bacilli  increases, 

as  cooparod  to  a  medium  without  vitamins,  by  80$.  •  _ 

Submitted  6  February  1958 
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